MATERIAL AND METHODS
This study was carried out in the southern portion of the Brazilian Atlantic forest from August 2003 to January 2006. There are three types of forest in the southern portion of the Brazilian Atlantic forest (see OLIVEIRA-FILHO & FONTES 2000) : seasonal semideciduous forest (SSF), mixed ombrophilous forest (MOF), and dense ombrophilous forest (DOF). Twelve study sites were sampled: four in SSF, five in MOF and three in DOF (Figs 1 and 2). The sites were selected according their size (larger than 500 ha) and history of disturbance (low disturbance); this procedure permitted a selection of representative sites of each forest type.
We used the point count method with limited distance (100 m, HUTTO et al. 1986 , BIBBY et al. 1992 . Twelve point counts were placed in each site; each point was 200 from the other and at least 300 m from the forest edge. Point counts were performed in the morning, beginning with increased bird activity, and finishing around 3 hours later; the time for sampling in each point was 15 minutes, and another 15 minutes was the time necessary for the displacement of the observer and his assistant from one point to another. Six points were performed in each morning; the other six points were sampled the following day. We avoided performing point counts in days with rain and stronger wind. Each pair or flock of each species was counted once (one contact) during point counts. Only birds heard were recorded. There were some recordings only visually, but of species flying over the forest (e.g. vultures and herons), which were not considered in this study; their habits are not strongly related to forest. In all study sites, 12 point counts were surveyed once per annual season (spring: September-November; summer: December-February; fall: March-May; winter: July-August): this resulted a total of 192 point counts in SSF, 240 in MOF and 144 in DOF (resulting in a grand total of 576). Bird richness and abundance were defined as the total number of species and total number of contacts respectively. In each forest type, richness and abundance were determined considering the spring/summer (breeding season) and fall/winter (non-breeding season). In addition, we analyzed variations on richness and abundance considering the functional bird groups traditionally considered in the literature with higher species numbers: frugivores, insectivores, and omnivores. The analysis based on functional groups seems more appropriate than single species or multiple lists to show modifications in ecosystems parameters, such as seasonal changes and forest structure (IONGH & VAN WEERD 2006) . The Sorenson index was used to analyze the similarity between breeding and non-breeding seasons regarding to their number of species (MAGURRAN 1988) . We used MorisitaHorn index to estimate the similarities of number of contacts among two seasons (MAGURRAN 1988) . A Mann-Whitney test (U) was used to compare bird richness and abundance in breeding and non-breeding seasons in the three forests types and in the three functional birds groups (ZAR 1999) .
RESULTS
A total of 248 bird species were recorded in the twelve sites sampled; 165 species in SSF, 151 species in MOF, and 179 species in DOF. The Sorenson and Morisita-Horn indexes were similar between the two seasons in the three forest types (Tab. I). In both MOF and DOF species richness and abundance recorded per point count were significantly higher in breeding than in non-breeding season (Tab. II, Mann-Whitney, p < 0.01); for the SSF the difference between the seasons was not significant.
Considering all sampling areas and seasons, we recorded 46 frugivores, 105 insectivores, and 86 omnivores. In all unctional bird groups, both Sorenson and Morisita-Horn indexes were similar between the two seasons (Tab. I). Paired compari- sons of seasons showed that richness and abundance recorded per point count of omnivores were significantly higher in breeding than in non-breeding season in almost all forest types; only in DOF the abundance of omnivores did not show a significant difference. For insectivores, only in DOF did we find a significant difference in species richness while richness and abundance did not vary among seasons in the other habitats. For frugivores, only in DOF a significant difference in abundance was found, while in the other habitats no significant seasonal differences in richness or abundance were detected (Tab. II).
DISCUSSION
Our results indicate that species composition and contacts numbers were similar between the seasons, indicating that most of the bird species recorded in the breeding season was also present during the non-breeding season. However, MOF and DOF showed decrease on bird species and abundance per point count in the non-breeding season; in SSF these results were not significantly different between seasons. The lower frequency of birds vocalization during the non-breading season is considered one reason for the low probability of record them during this season ( VAN HEEZIK & SEDDON 1999 , PAGEN et al. 2002 , besides the seasonal modification in habitat use and in functional groups (BLENDINGER 2005 , BOWEN et al. 2007 , LOPEZ DE CASENAVE et al. 2008 . Considering this, changes in the detection of bird species using the point count during non-breeding season would be expected also in SSF (ANTUNES 2008) . This suggests that other factors seem to have influenced the obtained results in this forest type, like regular distribution of food during the year and changing of behavior (e.g. multispecific flock formation) (DEVELEY & PERES 2000 , ANJOS 2002 . ANJOS et al. (2007) observed also an increase in richness and abundance of birds due slope area of riparian forest in seasonal semi-deciduous forest.
Omnivorous birds showed higher differences in richness and abundance recording between the seasons in all forest sites when compared to frugivores and insectivores. The plasticity on resources used by omnivores may have influenced this result: wide habitat dispersal could have been an important factor for the decreasing probabilities of omnivorous birds recording during non-breeding season in the present study (CATTERALL et al. 1998 , VAN HEEZIK & SEDDON 1999 , BLENDINGER 2005 , MOORMAN et al. 2007 , LOPEZ DE CASENAVE et al. 2008 .
Richness and abundance of frugivores and insectivores did not exhibit notable differences between seasons in the study sites. ANJOS (2002) suggested that food supply seems to be higher and better distributed during the year in SSF, including the non-breeding season, which would benefit such frugivores guild. MOORMAN et al. (2007) found that insectivorous birds from bottomland forest exhibited few seasonal changes in using arthropods as food resource. This may suggest that food resources for these guilds were sufficiently abundant throughout the year in these forest types. However, several factors, like mixed species foraging flocks of insectivores (DEVELY & PERES 2000) and flock formation of some frugivores (e.g. Psittacidae species) may have improved the de- Table II . Median values (range 25-75 quartiles) of number of species (richness) and of contacts (abundance) per point count in the breeding (breed) and non-breeding (Nbreed) seasons in seasonal semi-deciduous forest (SSF), mixed ombrophilous forest (MOF), and dense ombrophilous forest (DOF).
1 Pairwise comparisons using Mann-Whitney test (U). tectability of these guilds in non-breeding season, once this association often occurs. Specifically in DOF, frugivores presented significant differences in abundance comparing the seasons, what could be attributed to a local migration (altitudinal) (SICK 1997 , ISLER & ISLER 1999 . In the same forest type, insectivores presented significant differences in richness when the seasons were compared, but without clear reasons.
Richness Test
Based on the results of the present study, bird communities vary among forest types and functional groups. This suggests that the use of point counts for bird sampling in these three types of forest in the southern portion of the Brazilian Atlantic forest should be adjusted: the field method could be concentrated during the breeding season (Spring and Summer), even in SSF sites, what would reduce the probability of underestimate local richness and species abundance, mainly of omnivorous birds. This procedure is useful once it can reduce the time spent in collecting field data. ANJOS (2007) observed that a sampling period of only four days was enough to record 90% of bird species in a SSF area during the breeding season.
